X-ray angiography
Cardiac angiography has been determinant for the diagnosis and treatment of cardiovascular affections, given that percutaneous interventions have experienced major developments in recent years, with great advancements into structural heart disease (SHD) as well as representing the majority of coronary revascularization procedures nowadays. While a few invasive imaging modalities have demonstrated robust clinical validation and, thus, experienced greater incorporation into clinical practice and research, 2-dimension (2D) quantitative coronary angiography (QCA) is still widely used, remaining the gold-standard method for the evaluation of coronary artery disease (CAD) extension and severity; it is also critical for percutaneous coronary intervention (PCI) guidance and for the assessment of performance and efficacy of novel coronary devices. Nevertheless, significant developments were also seen, with new 3D features, dedicated algorithms for complex subsets, and interactive tools that may facilitate inter-communication between health-care professionals and patient/family members. As for SHD, novel 3D reconstruction tools from rotational angiography have demonstrated the capacity to produce high quality images that can be produced during (and to guide) the procedure. Besides that, real-time myocardial perfusion analysis has been rated as an easy-to-use, crucial endpoint with significant prognostic value for acute and long-term outcomes in patients with acute coronary vessel occlusion; however, its somewhat subjective nature when assessed by visual estimation has limited its reproducibility and applicability. In that regard, for a long time there has been an interest to quantify myocardial perfusion during coronary angiography, but no method has proven sufficient robust to be widely used. Sakaguchi et al. [1] have developed a novel theory and method for generating regional myocardial perfusion images using fluoroscopy in the cath lab, and compared these with microsphere myocardial blood flow in seven porcine models. Derived time-intensity curves can be used to generate color-coded fluoro-perfusion images. A moderate linear correlation was found between the calculated myocardial blood flow and the microspheres (y = 0.9758 x + 0.5368, r 2 = 0.61). Unlike the standard myocardial blush grade, which reflects the visual intensity and clearance of contrast from the myocardium, this novel system allowed first-pass contrast-enhanced 2-D fluoroscopic myocardial blood flow measurements with continuous quantification.
An interesting study by Lavi et al. [2] report on the use of a dedicated cardiac imaging application on a tablet developed by the Interventional Cardiology Institute at Rabin Medical Center in conjunction with McKesson information-technology company (Tel Aviv, Israel), on which entire angiographic and echocardiographic data sets can be reviewed and measurements be carried out, and information be communicated with colleagues and family. They compared the measurements in a group of 30 patients with those carried out on the routinely available workstation among a population undergoing SHD procedure (transcatheter aortic-valve implantation). For each case, 5 measurements were made in both tablet and standard workstation, given that 3 measurements were obtained from the contrast angiography images including the aortic sinus diameter, ST-junction diameter and aortic root angulation. Overall, the investigators found high correlation coefficients (r [ 0.9), and the distribution of the differences around zero. They conclude that this application and device allows the medical staff from different departments to consult, review cases and perform measurements directly on the device screen, anytime and anywhere, and also communicate more effectively; thus, improving patient care ultimately. Furthermore, in a study including a total of 449 single-center patients who had undergone successful PCI with stent implantation, Han et al. [3] investigated whether ST-elevation myocardial infarction (STEMI) accelerates the progression of non-culprit coronary lesions (NCCL). Overall, 138 patients presented with STEMI, 265 with non-ST-elevation acute coronary syndrome (ACS), and 46 with stable CAD. The NCCL progression was assessed using a recently developed 3D QCA package (QAngio XA 3D Research Edition 1.0, Medis Special bv, Leiden, the Netherlands) with a mean angiographic follow-up of 12.3 months. It was found that 29.8 %, or 134 of the patients, had NCCL progression, which was defined by [10 % diameter reduction of a preexisting stenosis C50, C30 % diameter reduction of a preexisting stenosis \50 %, development of a new stenosis of C30 % in a previously normal segment, or progression to a total occlusion. Comparing those with versus without NCCL progression, it was observed that the group with NCCL progression had significantly higher prevalence of male gender and smoking, but less hypertension; in addition, the peak monocyte count was significantly higher among NCCL progression. All lipid profile was similar at baseline, but the absolute change in HDL (high-density lipoprotein) cholesterol from baseline to follow-up was greater among NCCL progression (+0.05 ± 0.26 versus -0.02 ± 0.25 mmol/l, p = 0.02). Interestingly, among those with NCCL progression, 52.9 % had STEMI versus only 19.6 % with non-ST elevation ACS or stable CAD (p \ 0.001). Notably, STEMI was the only significant predictor of NCCL progression identified in the multivariate model; thus, the investigators concluded that STEMI indeed accelerates NCCL atherosclerosis.
An analysis by Wu et al. [4] investigated a possible relationship between the index of microcirculatory resistance (IMR) and periprocedural myocardial necrosis in patients with unstable angina pectoris undergoing PCI. Lesion inclusion criteria were single culprit stenosis [75 % located in the proximal or mid segment of the coronary tree, and TIMI (Thrombolysis In Myocardial Infarction) grade 3 flow at baseline. Patients with recent or prior myocardial infarction in the target territory were excluded since the baseline IMR may be increased in these settings. A pressure-temperature sensor was used to measure IMR immediately after PCI. Periprocedural myocardial infarction (MI) was defined as post-PCI troponin I elevation [0.20 ng/mL (5 times the 99th percentile of the normal population). All patients had normal troponin I levels at baseline, but 38.6 % of patients evolved with periprocedural MI after PCI. There was a strong positive correlation between IMR and peak troponin I (r = 0.805, p = 0.001), and a significant graded relation was evident between the proportion of patients with high levels of IMR after PCI and extent of myonecrosis as measured by troponin I. Therefore, it was considered that periprocedural myocardial injury, even in small area, during reperfusion is associated with impaired microcirculatory integrity as evaluated by IMR. Such fact potentially enables a triage of higher risk patients to more intensive therapy. In another subject, the team of Karabay et al. [7] was interested in assessing predictors of coronary artery aneurysm development in STEMI patients after primary PCI procedure. A total of 3428 patients were enrolled, of which 1304 underwent a follow-up angiogram after a mean period of 48 months. In 21 patients (1.6 %), an aneurysm was detected at the site of the stent placement. It became clear that multiple factors may be predictive of the aneurysm formation (longer reperfusion time, more proximally located lesions, longer lesion length, drug-eluting stent implantation, higher high-sensitivity C-reactive protein levels, higher neutrophil to lymphocyte ratio, and statin and ß-blocker discontinuation); in the multivariate model, every 1 mg/l increase in high-sensitivity C-reactive protein and implantation of drug-eluting stents. These results should be confirmed in other large studies.
Much research and development is being done to support arrhythmia ablation procedures in the cath lab to decrease the procedure time and associated x-ray radiation. The team of Stárek et al. [5] have developed techniques to 3D reconstruct the atria and ventricles from rotational angiography which has the great advantage that these can be produced during the procedure as compared to the use of MSCT, which is always done prior to the procedure. These 3D models can be fused with the 3D electro-anatomic systems and/or fused with fluoroscopy. They demonstrate savings in radiation doses and the usage of contrast agents. Within the same subject of SHD, Park et al. [6] have studied the predictive value of the left atrial functional reservoir for the outcome of catheter ablation in patients with paroxysmal atrial fibrillation. They concluded that decreased left atrial function after right ventricular pacing and obstructive sleep apnea are significantly related to the recurrence of atrial fibrillation following catheter ablation in patients with paroxysmal atrial fibrillation.
Intravascular imaging
Will be provided separately in the next issue.
Echocardiography
In 2014 an overwhelming number of papers were published in the International Journal of Cardiovascular Imaging using novel echocardiographic techniques such as 2-dimensional strain and 3-dimensional imaging in various clinical and experimental settings.
Heart failure Several papers focused on the additional predictive role of 2-dimensional strain in heart failure patients.
Heart failure with preserved ejection fraction Pellicori et al. [7] studied patients with clinical evidence of heart failure but a normal left ventricular ejection fraction (HeFNEF) and measured global longitudinal strain as this may add diagnostic and prognostic information. Mean global longitudinal strain was less negative in patients with definite HeFNEF versus possible HeFNEF versus no substantial cardiac dysfunction. In univariable analysis, global longitudinal strain but not left ventricular ejection fraction predicted events. However, in a multi-variable analysis, only urea, NTproBNP, left atrial volume, inferior vena cava diameter and atrial fibrillation independently predicted adverse outcome. Global longitudinal strain is abnormal in patients who have other evidence of HeFNEF, is associated with a worse prognosis in this population but is not a powerful independent predictor of outcome.
Prediction of response to therapy in patients with dilated cardiomyopathy
Goebel et al. [8] assessed the value of speckle tracking echocardiographic parameters to predict response to heart failure therapy in 87 patients with dilated cardiomyopathy. Based on 2-dimensional strain imaging, the following parameters were extracted: global longitudinal strain, systolic and diastolic strain rate. Mechanical dispersion was calculated as standard deviation of time-to-peak strain values including all left ventricular segments. After receiving heart failure therapy, 50 patients reached the combined endpoint defined as following: death, heart transplantation, re-hospitalization due to heart failure, and absence of improvement in ejection fraction. In this study, diastolic strain rate, a surrogate parameter of myocardial relaxation, was able to predict a response to heart failure therapy in patients with dilated cardiomyopathy. In patients with narrow QRS complex, mechanical dispersion yielded the highest predictive value. The authors concluded that parameters of 2-dimensional strain may contribute to risk stratification in this patient population. Tanaka et al. [9] evaluated the prognostic value of global circumferential strain after administration of b-blockers for dilated cardiomyopathy. The use of b-blockers has improved the prognosis of dilated cardiomyopathy and the appearance of left ventricular reverse remodeling is generally thought to result in a more favorable prognosis. Global circumferential strain was identified as a powerful prognostic marker, which appears to be a better parameter than left ventricular global function for patients with depressed left ventricular ejection fraction. Seventy consecutive patients with newly-diagnosed dilated cardiomyopathy with left ventricular ejection fraction of 28 ± 8 % (all \45 %) were retrospectively recruited. Either carvedilol or bisoprolol was titrated to a dose that was tolerable for each of the patients. Left ventricular reverse remodeling was defined as an absolute increase in ejection fraction of at least 10 % during follow-up after initiation of the maintenance dose of b-blockers. Global circumferential strain C5.4 % was identified as the best predictor of left ventricular reverse remodeling with 91 % sensitivity and 82 % specificity, and an area under the curve of 0.896 (p \ 0.0001). An important finding of multivariate logistic regression analysis was that global circumferential strain was the best independent predictor of left ventricular reverse remodeling.
Right ventricular function and prognosis in pulmonary hypertension
Fukuda et al. [10] tested the hypothesis that the addition of right atrial remodeling to right ventricular function enhances the capability of the latter to predict long-term outcome for pulmonary hypertension patients. Right ventricular function was calculated by averaging the three regional peak speckle-tracking longitudinal strains from right ventricular free wall (RV free) in 82 patients with pulmonary hypertension. Right atrial remodeling was assessed as the right atrial area traced planimetrically at end-systole. Pre-defined cutoffs for right ventricular dysfunction and right atrial remodeling were RV-free B19. 4 Two studies used speckle tracking technology during dobutamine stress testing. Standard speckle tracking echocardiography, demands manual tracing of the myocardium whereas automated function imaging (AFI) offers more convenient (based on selection of three points) assessment of longitudinal strain. Nevertheless, feasibility and correlation between both methods were not thoroughly examined, especially during tachycardia at peak stage of dobutamine stress echocardiography. Wierzbowska-Drabik et al. [11] performed dobutamine stress echocardiography in 238 patients with recording of apical views during baseline and peak and analyzed them by speckle tracking and AFI. According to angiography, 127/238 patients had significant (C70 %) lesions in coronary arteries. Global systolic longitudinal strain measured during baseline and peak stage by AFI showed very good correlation with standard speckle tracking parameters. Both methods provided good and similar feasibility with only 1 % segments excluded from analysis at peak stage of dobutamine stress echocardiography with shorter time and lower coefficient of variance offered by AFI. Global and regional longitudinal strain achieved by faster and less operator-dependent AFI method correlate well with standard more time-consuming speckle tracking analysis during baseline and peak stage of dobutamine stress echocardiography. Left ventricular twist is emerging as a marker of global left ventricular contractility after acute myocardial infarction. Joyce et al. [12] described stress-induced changes in left ventricular twist during dobutamine stress echocardiography after myocardial infarction and investigated their association with left ventricular reverse remodeling at 6 months follow-up. Two-dimensional speckle-trackingderived apical and basal rotation and left ventricular twist were calculated at rest, low-and peak-dose stages. Left ventricular reverse remodeling was defined as C10 % decrease in left ventricular end-systolic volume between baseline and 6 months follow-up. Patterns of left ventricular twist response on dobutamine stress echocardiography consisted of either a progressive increase throughout each stage (n = 18), an increase at either lowor peak-dose (n = 53) or no significant increase (n = 11). Left ventricular reverse remodeling occurred in 28 (34 %) patients, who showed significantly higher peak-dose left ventricular twist and more frequently progressive left ventricular twist increase from rest to peak-dose compared to patients without reverse remodeling. Furthermore, increase in left ventricular twist from rest to peak-dose was the only independent predictor of left ventricular reverse remodeling at 6 months follow-up. Both the pattern of progressive increase in left ventricular twist and the stressinduced increment in left ventricular twist on dobutamine stress echocardiography are significantly associated with left ventricucar reverse remodeling at 6 month follow-up after acute myocardial infarction, suggesting its potential use as a novel marker of contractile reserve.
Prediction of appropriate implantable cardioverter defibrillator therapy using 2-dimensional strain Accurate predictors of appropriate implantable cardioverter defibrillator (ICD) therapy in hypertrophic cardiomyopathy patients are lacking. Both left atrial volume index and global longitudinal strain have been proposed as prognostic markers in hypertrophic cardiomyopathy patients. The specific value of left atrial volume index and global longitudinal strain to predict appropriate ICD therapy in highrisk hypertrophic cardiomyopathy patients was studied by Debonnaire et al. [13] . Left atrial volume index and 2-dimensional speckle tracking-derived global longitudinal strain were assessed in 92 hypertrophic cardiomyopathy patients undergoing ICD implantation (69 % men, mean age 50 ± 14 years). During long-term follow-up, appropriate ICD therapies, defined as antitachycardia pacing and/ or shock for ventricular arrhythmia, were recorded. Appropriate ICD therapy occurred in 21 patients (23 %) during a median follow-up of 4.7 (2.2-8.2) years. Multivariate analysis revealed left atrial volume index and global longitudinal strain to be independent predictors of appropriate ICD therapy. Both left atrial volume index and global longitudinal strain showed higher accuracy to predict appropriate ICD therapy compared to presence of C1 conventional sudden cardiac death risk factor(s). No patient with both left atrial volume index \34 mL/m 2 and global longitudinal strain \-14 % experienced appropriate ICD therapy. Left atrial volume index and global longitudinal strain provide high negative predictive value for appropriate ICD therapy in high-risk hypertrophic cardiomyopathy patients. Additionally to conventional sudden cardiac death risk factors, both parameters may be useful to optimize criteria and timing for ICD implantation in these patients.
Atrial longitudinal strain parameters predict left atrial reverse remodeling after mitral valve surgery Atrial longitudinal strain parameters predict left atrial reverse remodeling after mitral valve surgery. Volume overload in chronic severe mitral regurgitation causes left atrial remodeling. Volume overload generally diminishes after mitral valve surgery and left atrial size and shape are expected to recover. The recovery of left atrial functions named as reverse remodeling is said to be related with prognosis and mortality. A few clinical and echocardiographic parameters have been reported to be associated with left atrial reverse remodeling. Candan et al. [14] investigated the relationship between left atrial peak longitudinal strain (reservoir strain) assessed with 2-dimensional speckle tracking echocardiography and left atrial reverse remodeling. 53 patients with severe mitral regurgitation and preserved left ventricular systolic function were included in the study. All patients had normal sinus rhythm. The etiology of mitral regurgitation was mitral valve prolapse in 37 patients and rheumatic valvular disease in 16 patients. Mitral valve repair was performed in 30 patients while 23 underwent mitral valve replacement. Echocardiography was performed before the surgery and 6 months later. Left atrial peak atrial longitudinal strain was assessed with speckle tracking imaging. Left atrial reverse remodeling was defined as a percent of decrease in left atrial volume index. Left atrial volume index significantly decreased after surgery: mean reduction was 22.5 ± 27.2 %. In multivariate linear regression analysis, preoperative left atrial volume index, age and peak atrial longitudinal strain were all significant predictors of left atrial reverse remodeling. Left atrial peak longitudinal strain in conjunction with preoperative left atrial volume index and age is a predictor of left atrial reverse remodeling in patients undergoing surgery for severe mitral regurgitation.
Quantification of mitral regurgitation using 3-dimensional technology Quantification of mitral regurgitation (MR) remains challenging and three dimensional proximal isovelocity surface area (3D PISA) derived effective regurgitant orifice area (EROA) is a novel diagnostic tool with promising results. However its' usefulness compared to guideline endorsed parameters has not been shown. Schmidt et al. [15] evaluated the diagnostic value of 3D PISA derived EROA and the accuracy of automatic 3D PISA detection in a population resembling clinical practice. In 93 consecutive patients examined in routine practice conventional parameters and 3D-datasets for offline 3D PISA evaluation were recorded. EROA was determined from the largest (peak) PISA and also averaged over systole for mean EROA. Results of 3D PISA calculation were compared with a combination of expert grading by two examiners and two scores for mitral regurgitation grading. In receiver operator characteristicanalysis the mean EROA as determined by 3D PISA had the best diagnostic value as compared to peak EROA, vena contracta width and 2D PISA. A mean EROA of 0.15 cm 2 had a sensitivity of 88.2 % and a specificity of 81.4 % for distinguishing severe from non-severe mitral regurgitation. Semiautomatic 3D PISA detection correlated very well with manually corrected values (r = 0.955). Semiautomatic 3D PISA measurement is feasible in a clinical population and has better diagnostic value compared to 2D PISA. Calculation of mean EROA throughout systole further improves diagnostic value compared to conventional parameters.
Nuclear cardiology
In 2014 different excellent paper in the field of nuclear cardiology were published in the journal. In this review we selected a few papers on the topics of basic science, SPECT/PET imaging in daily practice and SPECT/PET imaging in heart failure.
Basic science
The metabolic syndrome is one of the causes of heart failure and consists of different components including hypertension, lipid abnormalities and parameters of body composition (e.g. waist/hip ratio). It is however not clear which component (s) drive the development of heart failure. Maskali et al. [16] studied spontaneously hypertensive heart failure rats (SHHF) that constitute an original model for analyzing the evolution of the metabolic syndrome towards heart failure. They evaluated the development of early cardiac dysfunction and remodeling by acipimoxenhanced 18F-FDG PET/CT in 18 SHHF using 3-D quantitative analysis. The findings were compared to those in 20 spontaneous hypertensive rats (SHR) and 19 control Kyoto rats (WKY). The authors could show that cardiac remodeling (defined as an enhancement in myocardial mass and fibrosis, associated with a decline in LVEF) in SHHF rats was clearly observable by FDG-PET from the age of 10-months on, but in a similar way to that observed for SHR rats. These interesting findings suggest that hypertension is possibly the main driver for the development of heart failure in the setting of metabolic syndrome.
SPECT/PET imaging in daily practice
Gender and age related difference in LV cardiac function determined by gated SPECT When interpreting changes of LV function and volumes, it is important to have reference normal values for a specific cardiac imaging technique. Although normal values exist for LVEF and LV volumes determined by gated SPECT, Gebhard et al. [17] expanded the current knowledge in their report on 1639 subjects without cardiovascular disease who underwent cardiac gated SPECT with normal perfusion images. The authors report a small but significant increase of normal LVEF values with advancing age and this was more pronounced in women than in men. Overall, mean LVEF was higher in women compared to men (70 ± 9 % vs 64 ± 8 %, p \ 0.0001). Also, LVEF after adenosine stress was significantly lower than LVEF at rest in both women and men, as a result of a significant increase in end-systolic volume after stress. Overall, these data indicate that when evaluating cardiac function and volumes by gated SPECT, one should consider age and gender matched normative values.
Effect of caffeine on SPECT myocardial perfusion during regadenoson pharmacological stress When patients are referred for pharmacological stress testing with dipyridamole or adenosine, it is generally advised to withdraw caffeine use during 12 h before the test. Data regarding caffeine use and regadenoson stress testing are however limited. Tejani et al. [18] conducted a multicenter, double-blind, randomized study to assess the effect of caffeine on regadenoson stress myocardial perfusion imaging (MPI). Subjects with a high likelihood of CAD underwent a rest SPECT MPI on day 1 (MPI-1) and a stress MPI with regadenoson on day 3 (MPI-2). Individuals with C1 segment with a reversible defect received double-blind caffeine tablets (200 or 400 mg) or placebo 90 min before a repeat regadenoson stress MPI (MPI-3) on day 5. Overall, 207 subjects completed the study (caffeine 200 mg, n = 70; caffeine 400 mg, n = 71; placebo, n = 66). The main findings were that the majority of subjects who received caffeine shifted to a lower ischemia size category from MPI-2 to MPI-3 with no clear pattern observed in subjects who received placebo. Importantly, almost all patients (91 %) with C3 segments with reversible defects at MPI-2, had fewer detected at MPI-3. The authors conclude that the consumption of caffeine equivalent to 2-4 cups of coffee 90 min prior to regadenoson-stress SPECT MPI has the potential to adversely affect clinical interpretation of the acquired images and may affect the diagnostic conclusions drawn. Patients should continue to be instructed to avoid consuming caffeine-containing products for C12 h prior to a regadenoson-stress test.
Low-carbohydrate diet for myocardial viability 18F-FDG PET imaging
When myocardial viability is assessed with 18F-FDG PET imaging, metabolic preparation using euglycemic hyperinsulinemic clamping is considered as the gold standard. This technique is however time demanding and can cause clinical problems related to hypoglycemia. Soares et al. [19] evaluated a new technique for metabolic preparation which consist of a 24 h low-carbohydrate diet before 18F-FDG imaging. In this pilot study, 30 patients with previous myocardial infarction underwent resting 99Tc Sestamibi SPECT and two 18F-FDG PET studies: one using the clamp technique for metabolic preparation and one using the diet technique. PET-DIET identified 79 segments and PET-CLAMP 71 segments as hibernating myocardium. Both methods agreed in 61 segments (agreement = 94.5 %; kappa = 0.78). PET-DIET identified 230 segments and PET-CLAMP 238 segments as nonviable. Importantly, none of the patients had hypoglycemia after the diet, while 20 % had it during clamping. These data suggest that a low-carbohydrate diet 24 h before 18F-FDG imaging may be as good as the clamping technique with less hypoglycemic problems. However, more data are needed to confirm this first pilot study.
SPECT/PET imaging in heart failure
Gated blood pool SPECT phase analysis of the lateral wall for prediction of CRT response
The prediction of response to cardiac resynchronization therapy (CRT) still remains an area of clinical research. In patients with CAD, scar in the lateral wall is generally considered as a marker of poor response to CRT. Scar is associated with impaired regional LV wall motion and is expected to result in a reduction in the corresponding amplitude values derived from phase analysis of gated blood pool SPECT. Lalonde et al. [20] evaluated the correlation between amplitude values (derived from gated blood pool SPECT) and scar (derived from FDG/Rubidium-82 PET) in 49 patients prior to CRT (27 ischemic patients, 22 non-ischemic patients). The authors also evaluated the predictive value of amplitude parameters for the response to CRT. The main findings can be summarized as follows: (1) a moderate correlation (r = 0.51) between amplitude size in the lateral wall and lateral wall scar size, which was better in ischemic patients (r = 0.64) and (2) a comparable overall accuracy to predict response to CRT in ischemic patients between lateral wall amplitude parameters derived from gated blood pool SPECT and lateral wall scar parameters derived from PET (ROC AU value 0.67). Although these results are encouraging, studies in larger patient population are needed before final conclusions can be drawn regarding the clinical value of gated blood pool SPECT for the prediction of CRT response.
Effect of intramyocardial bone marrow-derived mononuclear cell injection on cardiac sympathetic innervation in patients with chronic myocardial ischemia
Intramyocardial bone marrow cell injection has been associated with improvements in myocardial perfusion and LV function. Van Ramhorst et al. [21] evaluated, in a substudy of a randomized, placebo-controlled, doubleblinded study, the effect of intramyocardial bone marrow cell injection on myocardial sympathetic innervation in patients with chronic myocardial ischemia. In total 16 patients underwent early and late iodine-123 metaiodobenzylguanidine (MIBG) imaging before and 3 months after intramyocardial bone marrow cell injection. Late 123-I MIBG SPECT defect score showed a trend to improvement in the bone marrow cell group as compared to the placebo group (p = 0.055). Interestingly, this difference was mainly driven by a substantially improvement in extent and severity of MIBG defects in 3 bone marrow cell-treated diabetic patients. In summary, this study did not demonstrate significant improvements in global cardiac sympathetic nerve innervation after intramyocardial bone marrow cell injection. However the improvements seen in diabetic patients with chronic myocardial ischemia is suggestive of a therapeutic effect on diabetic cardiac sympathetic dysinnervation and requires further studies.
Markers of viability in Takotsubo cardiomyopathy
Takotsubo cardiomyopathy is a disease characterized by acute but reversible heart failure leaving no scarring. Christinsen et al. [22] performed a study to explore how robust the semi-quantitative viability criteria used in cardiac SPECT and FDG PET stands their ground in a population of 16 patients with a final diagnosis of Takotsubo cardiomyopathy (consistent with Mayo Clinic Diagnostic Criteria) and wall motion abnormalities at the time of nuclear imaging. All patients exhibited a distinct pattern of heart failure, ''apical ballooning'', and a perfusionmetabolism defect in the midventricular/apical region. When viability criteria were applied, they identified significant scarring/limited hibernation in the akinetic part of the LV. However, full recovery of LV function was found in all patients on follow-up. The results of this provocative study suggest that semiquantitative cardiac SPECT and FDG PET failed to demonstrate the presence of viability in the acute phase of Takotsubo cardiomyopathy.
Magnetic resonance imaging
In 2014 also a significant number of papers on cardiovascular magnetic resonance (CMR) imaging were published, among these a number relating to scar imaging. Woie et al. [23] presented a new automatic 3D method for estimating infarct size. Another paper developed a method for determining the infarct fraction and density distribution in an attempt to improve viability assessment [24] . Tao et al. [25] combined T1 mapping with a Look-Locker sequence to late gadolinium enhancement (LGE) to provide more reliable myocardial scar assessment. Evidence of myocardial scarring as well as microvascular obstruction was found in a series of patients without observed obstructed coronary arteries [26] . Kim et al. [27] found that a single dose of gadolinium contrast showed better contrast between the (LV) ventricle cavity and infarcted myocardium than a double dose. The extracellular volume fraction thresholds corresponding to myocardial lesion detection in patients with myocardial infarction or hypertrophic cardiomyopathy was determined by Hwang et al. [28] . Midwall LGE was found to be common in a series of patients with non-ischemic cardiomyopathy but occasionally observed in patients presenting with ischemic cardiomyopathy [29] . No relation was found for the presence of microvolt T-wave alternans, an ECG marker of risk of sudden death, for either the transmurality or extent of scar in patients with ischemic or dilated cardiomyopathy [30] . For patients undergoing primary percutaneous coronary intervention for ST-elevation myocardial infarction, an elevated white blood count was found to be associated with less salvaged myocardium, larger infarct size and poorer clinical outcome [31] . Another study examined the area at risk in acute myocardial infarction and compared T1-and T2-mapping sequences to Tc99m-sestamibi SPECT [32] . Both were found to be equally suitable for assessing the area at risk compared to a conventional T2-turbospin echo sequence and better estimated the area at risk as defined by SPECT. A combined protocol for coronary MRA and viability assessment was examined [33] .
Circumferential strain as measured with CMR tagging was found to correlate with myocardial dysfunction and T2-mapping in patients with idiopathic dilated cardiomyopathy [34] . A longitudinal assessment of post gadolinium T1 time in patients with chronic stable cardiomyopathy showed decreased T1 in the absence of changes of clinical and CMR parameters suggesting progression of diffuse myocardial fibrosis [35] . Nishii et al. [36] found that T2 mapping can detect myocardial edema in patients with idiopathic dilated cardiomyopathy. The native T1 time in the normal right ventricle (RV) was found to be significantly longer than the LV [37] .
The impact of cardiac phase on time-intensity curves using multislice dynamic CMR perfusion during rest and vasodilation was examined [38] . The feasibility of assessing myocardial perfusion, wall motion abnormalities and transient ischemic dilatation in an single stress protocol was discussed [39] . Impaired myocardial perfusion was found in a mouse model of LV hypertrophy [40] . Altered coronary endothelial function was observed in young smokers detected by CMR blood flow during the cold pressor test [41] .
CMR was found to be better suited for the evaluation of apical pouches compared with echocardiography for patients with hypertrophic cardiomyopathy (HCM) [42] . In another series of patients with HCM, giant T waves were associated with apical HCM and increased ratio of LV apical to basal wall thickness [43] . Abnormal Q waves were related to basal anteroseptal hypertrophy and segmental LGE. Cheng et al. [44] studied the characteristics of patients with arrhythmogenic right ventricular cardiomyopathy with and without syncope and found that patients with syncope had significantly greater right and left end diastolic volume indices and incidence of LGE. A contrast enhanced steady state free precession technique was found to be useful for assessing for hyperemia in patients with acute myocarditis [45] . The impact of excluding the papillary muscles and trabeculae on RV volume and function was examined in two papers [46, 47] . The effect of including or excluding the accessary ventricle when segmenting congenital single ventricles was examined [48] . Systolic blood pressure and LV dilatation were found to correlate with elevated LV mass in patients receiving chronic dialysis [49] .
Optimal CMR imaging planes and sequences for measurement of branch artery size in children with RV outflow track obstruction was examined [50] . Regional association of cross-sectional vessel wall area and pulse wave velocity in the aortic arch and left carotid artery was examined and found to have stronger association when sampled within the same vascular territory than across different vascular territories reflecting site specific coupling of vessel wall area and function [51] . Asynchronous cardiac quiescence was found to adversely affect the image quality of coronary MR wall imaging [52] .
Improved detection and characterization of intracardiac masses was found in patients with coronary artery disease by CMR as compared with transthoracic echocardiography [53] . Radiologists working together with cardiologists were found to detect more extra cardiac findings than cardiologists alone in a single center study [54] . The incidence of significant extra cardiac findings affecting care however was low.
Computed tomography component
In 2014 a large number of original CT papers have been submitted to the journal, of which, following peer-review and editorial assessment, about 25 % were accepted for publication. The topics covered highlight the current status, but also expected future development of cardiovascular CT.
Coronary CT remains a major focus of interest. Perhaps surprisingly, there are still a significant number of submissions related to coronary calcium-scoring (CAC). Studies published in 2014 discussed CAC with modern acquisition protocols, including iterative reconstruction (IR). In a small ex vivo study, 15 hearts were scanned at routine dose and different levels of dose reduction [27-82 %] . [55] Images were reconstructed using filtered back-projection (FBP), hybrid IR, and model-based IR. Calcium scores were not affected by radiation-dose reduction with FBP and low levels of hybrid IR. However, at higher levels of IR Agatston scores differed significantly with a maximum median difference of 5.3 %. A clinical study in 112 consecutive stable patients with suspected CAD, compared Agatston scores obtained with traditional FBP, and adaptive statistical iterative reconstruction (ASIR). [56] A significant reduction of the Agatston score was observed for ASIR when compared to FBP. Importantly, using the ASIR reconstruction, the number of patients with a calcium score of zero increased by 13 %. Another study analyzed the components of coronary arterial calcification (CAC) in 51 consecutive patients using single-source, dual-energy computed tomography (DECT) and material decomposition. [57] CT angiography images were acquired with a single-source DECT system withfast tube voltage switching. Calcium oxalate monohydrate (COM) appeared to be a more frequent CAC component than previously reported.
Calcium scoring/quantification from contrast enhanced studies was discussed in other studies. In one study 52 patients underwent unenhanced cardiac CT and prospectively ECG triggered contrast enhanced CTA (Discovery HD 750, GE Healthcare). [58] CTA was acquired in singlesource, dual-energy mode [gemstone spectral imaging (GSI)], and virtual unenhanced images were generated by monochromatic image reconstruction of 70 keV allowing selective iodine material suppression. After introducing linear regression models, CAC scores from virtual unenhanced CT compared well to standard unenhanced CT. Another study examined the performance of a novel fully automatic algorithm to detect and quantify the Agatston CAC score in contrast CTA images of 100 selected patients. [59] The Agaston CAC score on non-contrast CT was calculated manually, while the novel algorithm was used to automatically detect and quantify Agatston CAC score in contrast CTA images. The automatically computed CAC Score showed a high correlation and agreement with non-contrast CT CAC score.
While these advanced applications propose precise quantification of the calcium score, another study published in 2014 examined if the prognostic information of coronary calcification can be obtained with less dedicated acquisition and analysis. [60] 4544 community-living individuals undergoing non-ECG synchronized CT were followed for CVD death over 9 years follow-up. A simple ordinal calcium 'score' based on standard non-ECG synchronized chest CT was evaluated. The results demonstrate that the simple ordinal CAC score is reproducible, strongly correlated with Agatston CAC scores, and provided similar prediction for CVD death in community-living individuals.
These data add incrementally to the extensive data about risk prediction already available from large population studies. However, despite decades of research and published data, CAC has failed to gain widespread acceptance or of inclusion in clinical guidelines. Furthermore, standard contrast-enhanced coronary CTA allows to assess plaque burden of calcified and non-calcified plaque. This raises the question how much further data about CAC is needed in the literature.
Papers about contrast-enhanced coronary CTA published in 2014 also provided incremental data with newer scanner models. Two studies examined clinical applicability of high-pitch, prospective ECG-triggered helical (PTH) protocols with a dual source 128-slice scanner for coronary CTA. In one study, high-pitch PTH was feasible on a routine basis in the majority of patients (664 out of 826 patient = 80.4 %) with regular heart rate \65 bpm.
[61] Significant reduction in radiation dose was achieved. Another study evaluated the average heart rate (HR) and heart rate variability (HRV) required for diagnostic imaging of the coronary arteries in patients undergoing highpitch CT-angiography (CTA) with third-generation dualsource CT. [62] Fifty consecutive patients underwent CTA of the aorta with prospective electrocardiography (ECG)-gating at a pitch of 3.2, without b-blocker administration. Diagnostic image quality was found for 608 of the 642 segments (95 %) in 43 of 50 patients (86 %). HR was significantly higher in patients with at least one non-diagnostic segment, but all patients with a HR \ 70 bpm had diagnostic image quality in all coronary segments. The effective radiation dose and scan time for the heart were 0.4 ± 0.1 mSv and 0.17 ± 0.02 s, respectively. Another study investigated the impact of a vendor-specific motioncorrection algorithm on morphological assessment of coronary arteries and the influence of heart rate (HR) on motion-correction in 84 patients. [63] Overall, image quality, interpretability, and diagnostic accuracy were improved using motion-correction reconstructions. Another study evaluated computer-aided stenosis detection. [64] 44 patients underwent CTA and conventional coronary angiography (CCA) and were evaluable for computer-aided stenosis detection. The diagnostic performance of the software and of human reading were compared with quantitative coronary angiography (QCA) serving as the reference standard for the detection of significant stenosis ([50 %). The prevalence of coronary artery disease was 41 % (18/44) and QCA indicated significant stenosis ([50 %) in 33 coronary vessels. The automated software accurately diagnosed 18 individuals with significant coronary artery disease (CAD), and correctly ruled out CAD in 10 patients, corresponding with a high NPV comparable to experienced human readers.
A topic that continues to attract significant attention is coronary plaque analysis of calcified and non-calcified plaque for the identification of 'vulnerable lesions' and associated prognostic value. An experimental animal study examined the long-term effect of thalidomide on adventitial VV neovascularization and plaque progression using nano-focused computed tomography (nano-CT) of descending aortas. [65] Proliferation and migration assays in human coronary artery endothelial cells (HCAEC) measured the number of viable cells after incubation with thalidomide in ApoE (-/-)/LDLR (-/-) (AL) mice (n = 5) and a control group. Thalidomide inhibited proliferation and migration of HCAEC dose-dependently and VV neovascularization decreased in number per cross section. Cross sectional area of plaque decreased significantly when treated with thalidomide. The authors conclude that nano-CT could be considered as a tool to detect therapeutic effects in experimental models of atherosclerosis. Prior studies demonstrated that lumen contrast-enhancement influences non-calcified atherosclerotic plaque Hounsfield-unit (HU) values. A clinical study using a standard CT scanner aimed to develop and validate an algorithm to correct for this influence. [66] Three coronary vessel phantoms with circular hollow lumina and normal or plaque-infested walls were scanned simultaneously in oil using a dual-source CT scanner. Scanning was repeated as the lumina were alternately filled with water and four contrast solutions (100-400 HU). Pixel-by-pixel comparisons of contrast-enhanced and non-contrast-enhanced images confirmed exponential declining patterns in lumen contrast-enhancement influence on wall HU-values from the lumen border. An algorithm was formulated, which allowed correction of the CT density of the vessel wall closest to the lumen. Another clinical study investigated the difference of coronary artery disease (CAD) severity and extent as well as plaque characteristics in 1161 patients with hypertension (HT), diabetes mellitus (DM) or dyslipidemia (DL) [67] . Obstructive CAD was most frequent in DM patients, followed by HT and DL patients (34, 19 and 15 %, respectively, p \ 0.0001). DM patients had more extensive disease than HT and DL patients. The prevalence of positive remodeling, low attenuation and spotty calcium were all highest in DM patients (p \ 0.005, vs. HT and DL), while low attenuation was more frequent in DL than HT patients (p \ 0.005).
Finally several studies examined clinical outcome relative to disease burden assessed with coronary CTA. One study evaluated the prevalence and extent of CAD and atherosclerosis and related outcomes in asymptomatic versus symptomatic elderly patients. [68] Data of 1196 consecutive patients aged 70 years or older were retrospectively evaluated for clinical cardiovascular risk factors, co-morbidities, and CCTA findings, including calcium scores, atherosclerotic plaques, and presence of significant CAD. Follow-up data for active management and all-cause mortality after CCTA were collected for 2 years. The prevalence of significant CAD and the extent of atherosclerotic plaques did not differ between the two groups. Overall, symptoms were not related to the presence of significant CAD or to the extent of atherosclerosis in these elderly patients. Asymptomatic patients with significant CAD on CTA, were less likely to receive active management, which may be related to the higher death rate in this group. Another study assessed the association between micro-albuminuria in 284 consecutive asymptomatic patients with type 2 diabetes and the presence, extent, and severity of coronary atherosclerosis, and long-term clinical outcomes. [69] Patients with micro-albuminuria were more likely to have obstructive CAD. Multivariable analyses adjusted for conventional cardiovascular risk factors revealed that micro-albuminuria was an independent predictor of obstructive CAD and all-cause mortality. Another study examined the prognostic value of CTA in 218 Patients over a follow-up period of more than 6 years. [70] Images were analyzed for non-obstructive (\50 %) or obstructive (50 % stenosis) CAD, and major adverse cardiovascular events (MACE) were identified, including death, nonfatal myocardial infarction or urgent coronary revascularization. CTA revealed normal coronaries in 49, non-obstructive lesions in 94, and obstructive CAD in 75 patients. During a median follow-up period of 6.9 years, MACE occurred in 45 patients (21 %). Annual MACE rates were 0.3, 2.7, and 6.0 % (p = 0.001), for patients with normal CCTA, non-obstructive, and obstructive CAD, respectively. Multivariate Cox regression analysis identified the number of segments with plaques [hazard ratio (HR) 1.18, p = 0.002] as well as the presence of obstructive lesions (HR 2.28, p = 0.036) as independent predictors of MACE.
A well-known limitation of coronary CTA is the poor correlation between severity of stenosis and functional significance. Assessment of myocardial perfusion with CT may improve the value of coronary CT, is a focus of ongoing investigation, and was the topic of several manuscripts in 2014. An experimental study examined the feasibility of dynamic CT perfusion imaging to detect and differentiate ischemic and infarcted myocardium in a large porcine model. [71] 12 pigs underwent either implantation of a 75 % luminal coronary stenosis in the left anterior descending coronary artery simulating ischemia or balloonocclusion inducing infarction. Dynamic CT-perfusion imaging (100 kV, 300 mAs), fluorescent microspheres, and histopathology were performed in all models. CT based myocardial blood flow (MBFCT), blood volume (MBVCT) and transit constant (Ktrans), as well as microsphere's based myocardial blood flow (MBFMic) were derived for each myocardial segment. Results demonstrate that CTderived parameters of myocardial perfusion may enable detection and differentiation of ischemic and infarcted myocardium. Another study described the range and regional variability of myocardial perfusion in 19 normal volunteers on dynamic perfusion computed tomography (CT). [72] Myocardial perfusion was assessed at rest and during adenosine-induced hyperemia using a 128-slice dual-source CT scanner. Data were quantified for the transmural myocardium based on a 17-segment American Heart Association model. Regional variability was 17 ± 5 % for hyperemic perfusion, 18 ± 7 % for resting, and 21 ± 6 % for perfusion reserve. Although statistically insignificant, perfusion in the septum was lower at rest and during hyperemia than in other regions. Women tended to have lower perfusion during hyperemia and higher perfusion at rest than men resulting in lower perfusion reserve. Another study evaluated image quality and radiation dose in adenosine-stress dynamic myocardial CT perfusion (CTP) imaging using different tube voltages, tube current settings, and contrast materials containing different iodine concentrations in 92 subjects with normal body mass indices (BMI). [73] A clinical study assessed the diagnostic performance of stress-and rest-dual-energy computed tomography (DECT) and their incremental value when used with coronary CT angiography (CCTA). [74] Comparison was made to combined invasive coronary angiography (ICA) and cardiovascular magnetic resonance (CMR) for detecting hemodynamically significant stenosis causing a myocardial perfusion defect. Forty patients with known or suspected coronary artery disease detected by CCTA underwent stress-and rest-DECT, CMR, and ICA. DECT iodine maps were compared with CMR on a per-segment and per-vessel basis. Diagnostic value of CCTA was assessed on a per-vessel basis before and after stress-and rest-DECT and compared to that of ICA/CMR. Compared to CMR, sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of stress-DECT for detecting segment (vessel)-based perfusion defects were 73 % (94 %), 83 % (74 %), 70 % (72 %), and 85 % (95 %), respectively. Another study compared the diagnostic accuracy of CTA and CMR-MPI for the detection of functionally relevant CAD, using invasive coronary angiography (XA) with fractional flow reserve (FFR) as a reference standard. [75] 95 patients with intermediate pre-test probability (PTP) of CAD underwent a sequential protocol of CTA, CMR-MPI and XA. Significant CAD was defined as[90 % coronary stenosis, 40-90 % stenosis with FFR B 0.80 or left main stenosis C50 %. Prevalence of significant CAD was 43 %. CTA was more sensitive (100 %) but less specific (59 %) than CMR-MPI (88 and 89 %, respectively) for detection of significant CAD, with a strong trend for higher global diagnostic accuracy of CMR-MPI (88 vs. 77 %, p = 0.05). An integrated approach based on an initial CTA and subsequent referral to CMR-MPI of positive/inconclusive results had the best diagnostic performance (AUC 0.91). Another study evaluated the relationship between severity of coronary artery diameter stenosis assessed by MDCT angiography and semi-quantitative myocardial MDCT perfusion in 200 symptomatic patients. [76] The perfusion index (PI) at rest and during adenosine stress, the myocardial perfusion reserve (MPR), and the transmural perfusion ratio (TPR) were calculated. A coronary artery stenosis C50 % was present in 49 patients (25 %). Rest-PI and rest-TPR values were similar in patients with and without a coronary artery stenosis C50 %, whereas stress-PI, stress-TPR and MPR were significantly reduced in patients with a stenosis C50 % (p \ 0.001, p \ 0.0001 and p = 0.02, respectively). Sub-endocardial PI was significantly higher than subepicardial PI at rest and during stress for patients without a significant stenosis, whereas this difference was blurred during stress in patients with C50 % stenosis.
Another approach to assess functional significance is the assessment of contrast opacification gradients, or transluminal attenuation gradients (TAG). One study evaluated automated software for TAG calculation. [77] 60 major coronary arteries in 20 patients who underwent a clinically indicated single heart beat 320 9 0.5 mm detector row CCTA were retrospectively evaluated by two readers using a previously validated manual measurement approach and two additional readers who used the new automated gradient software. Accuracy of the automated method against the manual measurements, considered the reference standard, was assessed via linear regression and Bland-Altman analyses. Analysis time was reduced by 68 % when compared to manual TAG measurement. There was excellent correlation between automated TAG and the reference standard manual TAG. Bland-Altman analyses indicated low mean differences (1 HU/cm) and narrower inter-and intra-observer limits of agreement for automated compared to manual measurements (25 and 36 % reduction with automated software, respectively). Examining a related topic, an interesting pre-clinical study examined a time of flight (TOF) approach for the analysis of contrast enhanced 4D volumetric CT angiography scans to derive and display blood velocity in cerebral arteries. [78] .
Another interesting, CT application is assessment of myocardial late enhancement. One study compared nonlinear and linear blending of cardiac dual-energy computed tomography (DECT) for optimal visualization of late iodine enhancement (LIE) in patients with chronic myocardial infarction (CMI). [79] LIE-DECT data from 20 patients with known CMI were retrospectively analyzed. Images were reconstructed using non-linear blending center and width settings in the range of 0-500. Linear blending was performed with weighting factors 0.8 (80 % 100 kV, 20 % 140 kV), 0.6 and 0.3. 100-140 kV data and blended images were analyzed. Contrast and percentage signal differences between infarcted and healthy myocardium and the left ventricle blood pool were computed. Non-linear blending showed the highest signal differences for all contrasts and analyses. Repeated-measures ANOVA tests confirmed the statistical differences between the investigated blending techniques (p \ 0.01). Paired-samples post hoc t tests confirmed the significance of these results (p \ 0.04). The ideal non-linear blending settings for best demarcation of CMI from healthy myocardium were a center of 65.8 ± 23.2 and a width of 0.0 ± 0.0. Non-linear blending of LIE-DECT improves display of LIE in patients with CMI in comparison with linear blending and non-postprocessed image data from 100 to 140 kV.
Beyond coronary disease, an exciting and evolving focus is structural and valvular heart disease intervention. This evolving field relies on pre-procedural imaging, replacing direct visualization of the operative field. A prominent example is trans-catheter aortic valve replacement (TAVR). One study investigated the use of computed tomography (CT) to measure mitral valve annulus size before implantation of a percutaneous mitral valve annuloplasty device in an animal trial. [80] Seven domestic pigs underwent CT before and after implantation of a Cardioband TM with a second-generation 128-section dualsource CT scanner. Implantation of the Cardioband TM was performed in a standard fashion. Animals were sacrificed afterwards and the hearts explanted. The Cardioband TM was found to be adequately implanted in all animals, with no anchor dehiscence and no damage of the circumflex artery (CX) or the coronary sinus (CS). The correct length of the band as chosen according to the length of the posterior mitral annulus measured in CT before implantation was confirmed in gross examination in all animals. The device did not result in a metal artifact-related degradation of image quality. Another study examined transcatheter placement of left atrial closure device [81] . Specifically, the authors sought to better define the LAA orifice geometry, by performing 3-dimensional multi-detector computed tomography measurements in 105 consecutive patients referred for pulmonary vein ablation (PVA) and age-matched controls. Area, short and long-axis measurements were performed. Eccentricity was calculated. Multiple clinical variables were tested for their ability to predict appendage orifice eccentricity using univariate linear regression models. In this cohort, there was a significant difference between the long and short-axis. All clinical variables tested showed limited ability to predict appendage eccentricity (p = NS).
Another study compared area-and perimeter-based measurements in computed tomography derived aortic annulus sizing for TAVR. [82] A total of 60 patients who underwent evaluation for TAVR underwent pre-procedural ECG gated CT. The aortic annulus area and perimeter were measured and the derived ED compared using parametric statistics and Bland and Altman analysis. Systolic aortic annulus area and perimeter were higher compared to diastolic results. Both the area-and perimeter-based ED had a good agreement within two standard deviations for systolic and diastolic measurements. Effective diameter measurements derived from the area were significantly smaller compared to perimeter-based measurements (mean difference: systolic 0.72 ± 0.3 mm and diastolic 0.81 ± 0.4 mm; p \ 0.001). While the area-based ED was significantly influenced by the cardiac cycle with a mean difference of 0.4 ± 0.6 mm (p = 0.009), no significant difference was found for the perimeter-based ED (mean difference: 0.2 ± 0.4; p = 0.07).
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